by current models. This reduces by more than a factor of 2 the effect of uncertainty in the coupling of hydrogen and nitrogen radicals on the analysis of the potential effects of perturbations to odd nitrogen in the lower stratosphere.
Introduction
In situ measurements from the Stratospheric Photochemistry, [X--C1 (a) or Br (b)] were responsible for one half of the halogen-controlled ozone removal and 15% of the total oddoxygen loss rates. Taken together, the three reactions involving HO2 (Rl, R3a, and R3b) were rate limiting in cycles responsible for more than half of the total photochemical ozone removal in the northern hemisphere lower stratosphere during May 1993.
It The SPADE ER-2 payload included instnnnents that measure most of the chemical species thought to control the ratio of OH to HO2; these include 03, NO, C10, and BrO. The full data set has been made available [Hathaway et al., 1994] . The limited accuracy and precision of these measurements are a possible source of uncertainty in the calculated ratio of OH to HO2. The ozone measurement is accurate to 2% and precise to -1%. These are much smaller than the uncertainty in the rates of the HOx+O3 reactions and the precision of the OH/HO2 measurements. The accuracy in the NO measurement is 10%; the precision is typically 3%. The C10 measurement is accurate to 15%. BrO was not measured on all the flights and is only available at a few points per flight. We assume the BrO that would have been observed simultaneously with the other measurements to be 45% of the inorganic bromine in that air parcel [Wennberg et al., 1994a] . We estimate that BrO is uncertain to a factor of 1.5.
CO was not accurately measured on the ER-2 during SPADE. We estimate CO based on data reported by Murphy et al. [1993] describing the correlation of CO with ozone in the tropics and Agreement between Eq. 1 and the measurements shown in Fig. 1 is striking. Recall that the absolute uncertainty in the measurement of OH/HO2 is 13% and that the accuracy in the NO measurement is 10%. The rate constants are considered by JPL'92 to be even less well known. 1) The two reactions in the ozone-destroying HOx catalytic cycle are accurately described by the JPL'92 rate expressions. The uncertainty in the rate of the HO2 + 03 reaction, the rate limiting step in the catalytic removal of ozone by HOx, is reduced from a factor of 2.6 to a factor of 1.6 at 210 K. The product of the BrO concentration and the rate of the HO2 + BrO is more certain by a factor of 3. These results translate directly into increased confidence in modeling catalytic ozone loss rates in the lower stratosphere.
2) The accuracy of descriptions of the abundance of HO2 is set by our knowledge of the ratio of the rates of Rl.
• and Rs (and by our ability to model the concentration of OH) and not their absolute values. The relative rates of R•, R2, and P• are now constrained to better than +_20% at 205-225K.
3) The sensitivity of the ratio of OH to HO2 in the lower stratosphere to variations in NO is accurately (+10%,-12%) described by P• as parameterized in current models. Thus, the impact of potential changes in NOx concentration on the radical (HO2) responsible for most of the ozone loss rate in the lower stratosphere is shown to be quantitatively correct by direct measurements in the atmosphere. This reaction is the centerpiece of the NOx/HOx coupling, and the accuracy of it is a lower limit on the uncertainty in the evaluation of the impact of High Speed Civil Transports, large volcanic eruptions, or any other perturbation to NOx in the lower stratosphere.
4) The potential effect of "missing chemistry" on the partitioning of HOx radicals is limited. Changes of more than 10% to OH/HO2 require in excess of 3 ppt of a radical reacting with HOe with a bimolecular rate constant for the reaction of 1 x 10 'lø cm3/mol-s or more than 15 ppt of a radical reacting with OH, with a rate constant of 1 x 10 '20 cm3/mol-s.
Finally, the SPADE experiments provide constraints on the reactions that dominate HOx partitioning in the mid-latitude stratosphere near 20 km. At lower altitudes or latitudes, reactions of OH with CO and with CH_n are much more important. In the polar regions during winter, reactions of C10 and BrO will be much more important. In both regimes, it may not be possible to neglect net HOx production and loss. Experiments in these environs are clearly needed to provide constraints on the HOx chemistry and especially on the HOe abundance to test the accuracy of models of the odd-oxygen production and loss rates in the lower stratosphere.
